This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

0 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Searching PAJ Page 1 of 2 

PATENT ABSTRACTS OF JAPAN ^ 



(11 (Publication number: 10-273370 
(43)Date of publication of application : 13.10.1998 



(51)lnt.CI. 



(21 (Application number : 09-338295 
(22)Date of filing: 25.11.1997 



C04B 37/00 
H05B 3/14 

(71) Applicant:NGK INSULATORS LTD 

(72) lnventor : OOHASHI KUROAKI 

IMAI TSUTOMU 



Priority number : 09 29808 Priority date: 30.01.1997 Priority country : JP 



(54) JOINTED BODY OF ALUMINUM NITRIDE CERAMIC BASE MATERIAL, PRODUCTION OF 
JOINTED BODY OF ALUMINUM NITRIDE CERAMIC BASE MATERIAL AND JOINTING 
MATERIAL THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an unknown 
method that can joint the base materials made of aluminum 
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materials of aluminum nitride ceramic are jointed. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] A zygote of a nature base material of alumimium nitride characterized by a re-deposit 
phase which consists of nature ceramics of alumimium nitride which is the zygote of two or more 
base materials which consist of nature ceramics of alumimium nitride, and re-deposited out of the 
liquid phase in a cementation interface of said base material generating. 
[Claim 2] A zygote of a nature base material of alumimium nitride according to claim 1 
characterized by mean particle diameter of a nature of alumimium nitride ceramic particle which 
exists in said re-deposit phase being 1 micrometers or more and 3.0 micrometers or less. 
[Claim 3] The manufacture method of the zygote of the nature of alumimium nitride ceramic base 
material which is the method of manufacturing a zygote of two or more base materials which 
consist of nature ceramics of alumimium nitride, prepares cement which contains nature ceramics 
of alumimium nitride, and ** material at least between said base materials, is made to carry out 
eutectic of said nature ceramics of alumimium nitride and said ** material by heat treatment, and is 
characterized by to re-deposit a re-deposit phase which consists of nature ceramics of alumimium 
nitride subsequently to a cementation interface of said base material. 
[Claim 4] A manufacture method of a zygote of a nature of alumimium nitride ceramic base 
material according to claim 3 which heats said cement in a temperature requirement T1 more than 
the melting point of said ** material, heats until a component of said ** material is discharged from 
an interface in a temperature requirement T2 higher subsequently than said temperature 
requirement T1, and is characterized by subsequently depositing said re-deposit phase. 
[Claim 5] It is the method of manufacturing a zygote of two or more base materials which consist 
of nature ceramics of alumimium nitride. Between said base materials Cement which contains 
nature ceramics of alumimium nitride and ** material at least is prepared. Heat said cement in a 
temperature requirement T1 more than the melting point of said ** material, and it heats until a 
component of said ** material is discharged from an interface in a temperature requirement T2 
higher subsequently than said temperature requirement T1. Subsequently, a manufacture method 
of a zygote of a nature of alumimium nitride ceramic base material characterized by depositing 
said re-deposit phase. 

[Claim 6] A manufacture method of a zygote of a nature base material of alumimium nitride 
according to claim 5 characterized by the melting points of said ** material being 1300 degrees C 
or more and 1500 degrees C or less. 
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[Claim 7] a presentation of said ** material -- CaO:25-45 % of the weight and Y2 03 : 5 - 30 % of 
the weight, and the remainder aluminum 203 it is - a manufacture method of a zygote of a nature 
base material of alumimium nitride according to claim 6 characterized by heating said cement in a 
temperature requirement which is 1400 degrees C - 1650 degrees C, and heating until a 
component of said ** material is subsequently discharged from an interface in a 1650 degrees C - 
1800 degrees C temperature requirement. 

[Claim 8] Said cement is CaO:25-45 % of the weight and Y2 03. : 5 - 30 % of the weight, and the 
remainder aluminum 203 A manufacture method of a zygote of a nature base material of 
alumimium nitride according to claim 5 which contains ** material and nature ceramics of 
alumimium nitride which consist of a presentation, and is characterized by contents of nature 
ceramics of alumimium nitride being 1 0 % of the weight or more and 90 % of the weight or less. 
[Claim 9] A manufacture method of a zygote of a nature base material of alumimium nitride 
according to claim 5 or 6 characterized by a presentation of said ** material being a X-Y-Z system 
presentation. (X is the compound of a metallic element more than a kind chosen from a group 
which consists of alkali metals and an alkaline-earth-metal element, Y is the compound of rare 
earth elements, Z is the compound of aluminum, the percentage of said metallic element which 
constitutes X among all metallic elements that constitute said ** material is 25-50-mol%, the 
percentage of rare earth elements which constitute Y is 5-30-mol%, and the remainder is 
aluminum.) 

[Claim 10] When said cement is heated in a temperature requirement T1 more than the melting 
point of said ** material At least one side of an oxide of said metallic element and a fluoride which 
constitute X in an eutectic object of said ** material and said nature ceramics of alumimium nitride, 
A manufacture method of a zygote of a nature base material of alumimium nitride according to 
claim 9 characterized by at least at least one side of an oxide of said rare earth elements and a 
fluoride and one side of an oxide of aluminum and a fluoride containing. 
[Claim 1 1] A manufacture method of a zygote of a nature base material of alumimium nitride 
according to claim 9 characterized by contents of nature ceramics of alumimium nitride being 10 
% of the weight or more and 90 % of the weight or less in said cement. 

[Claim 12] It is cement used in order to join two or more base materials which consist of nature 
ceramics of alumimium nitride, and is CaO:25-45 % of the weight and Y2 03. : 5 - 30 % of the 
weight, and the remainder aluminum 203 Cement which contains ** material and nature ceramics 
of alumimium nitride which consist of a presentation, and is characterized by contents of nature 
ceramics of alumimium nitride being 10 % of the weight or more and 90 % of the weight or less. 
[Claim 13] Cement characterized by being cement used in order to join two or more base 
materials which consist of nature ceramics of alumimium nitride, and for said cement containing ** 
material and nature ceramics of alumimium nitride, for a presentation of said ** material being a X- 
Y-Z system presentation, and contents of nature ceramics of alumimium nitride in said cement 
being 10 % of the weight or more and 90 % of the weight or less. (X is the compound of a metallic 
element more than a kind chosen from a group which consists of alkali metals and an alkaline- 
earth-metal element, Y is the compound of rare earth elements, Z is the compound of aluminum, 
the percentage of said metallic element which constitutes X among all metallic elements that 
constitute said ** material is 25-50-mol%, the percentage of rare earth elements which constitute 
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Y is 5-30-mol%, and the remainder is aluminum.) 

[Claim 14] Cement according to claim 13 characterized by including an aforementioned oxide or 
an aforementioned fluoride whose vapor pressure [ in / in at least one side of X and Y / 1650 
degrees C - 1800 degrees C ] is 0.001 -1000Pa. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the cement which can be 
used suitable for the zygote of the base material which consists of nature ceramics of alumimium 
nitride, the cementation method, and this. 
[0002] 

[Description of the Prior Art] In semiconductor devices, such as an etching system and chemical 
vapor growth equipment, the so-called stainless steel heater and the heater of an indirect heating 
method were common. However, when these heat sources were used, particle might occur 
according to an operation of halogen system corrosive gas, and thermal efficiency was bad. In 
order to solve such a problem, these people indicated the ceramic heater which laid under the 
interior of a substantia-compacta ceramic base material the wire which consists of a refractory 
metal (JP, 3-261 131, A). This wire is spirally wound inside the disc-like base material, and connects 
a terminal to the ends of the wire of a parenthesis. It turned out that especially such a ceramic 
heater has the property which was excellent as an object for semiconductor manufacture. 
[0003] As ceramics which constitutes the base of a ceramic heater, it is thought that nitride system 
ceramics, such as silicon nitride, alumimium nitride, and sialon, is desirable. Moreover, a 
susceptor may be installed on a ceramic heater, a semiconductor wafer may be installed on this 
susceptor, and a semiconductor wafer may be heated. These people indicated that alumimium 
nitride was desirable as such a ceramic heater and a base material of a susceptor (JP,5- 
101871 ,A). especially — semiconductor fabrication machines and equipment - setting - as 
etching gas or cleaning gas - CIF3 etc. although halogen system corrosive gas is used 
abundantly, it is a corrosion-resistant point over these halogen system corrosive gas, and is 
because it was checked that alumimium nitride has very advanced corrosion resistance. On the 
other hand, since the ceramics is difficult to process it, the ceramics of a simple configuration is 
joined mutually and the research for obtaining the components of a complicated configuration is 
continued. 
[0004] 

[Problem(s) to be Solved by the Invention] However, generally the third phase from which 
coefficient of thermal expansion and a mechanical property differ is formed in the cementation 
interface of ceramics. Generally this third layer had the problem of being easy to destroy to the 
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thermal stress accompanying heating cooling, and various mechanical stress. Especially, as 
compared with the silicon nitride ceramics etc., since toughness was low, the nature ceramics of 
alumimium nitride of the effect of the third layer was serious. 

[0005] moreover, the compound which contains silicon as a principal component and the third 
phase which remains in a cementation interface with glass when the nature ceramics of 
alumimium nitride is joined - NF3 CIF3 etc. — it is selectively corroded by the plasma of halogen 
system corrosive gas. Such a zygote was not bearing the activity under corrosive environment 
called semiconductor fabrication machines and equipment. 

[0006] Moreover, it considers as the method of joining directly the base materials which consist of 
an alumimium nitride sintered compact, a base material is heated at 1800 degrees C - 1900 
degrees C in JP,2-124778,A, and it is unifying by diffused junction. However, in order to join an 
alumimium nitride sintered compact by such diffused-junction method, it is an elevated 
temperature with 1800-1900 degrees C comparable as the sintering temperature of the sintered 
compact of a basis required [ an extraordinary elevated temperature ]. For this reason, in a 
cementation process, it deteriorates or is easy to transform a base material. Moreover, only the 
zygote of the low reinforcement of about 60 or less MPas is obtained. 
[0007] According to JP,8-13280,A, the zygote of an alumimium nitride sintered compact with 
comparatively high reinforcement is indicated. However, also in this method, an elevated 
temperature comparable as the sintering temperature of the alumimium nitride sintered compact 
which is the base material of a basis too is needed. Moreover, although the ultra-precision 
machining for setting the relative roughness and flatness of a plane of composition of a base 
material to 0.2 micrometers or less is needed, such processing causes [ of a manufacturing cost ] 
lifting. 

[0008] The technical problem of this invention is offering the new method for enabling it to join on 
the occasion of joining the base materials which consist of nature ceramics of alumimium nitride, 
without making the third phase other than a nature of alumimium nitride ceramic phase 
substantially placed between both cementation interfaces. Moreover, it is enabling it to join firmly 
at a temperature low in comparison. 
[0009] 

[Means for Solving the Problem] This invention is the zygote of two or more base materials which 
consist of nature ceramics of alumimium nitride, and relates to a zygote of a nature base material 
of alumimium nitride characterized by a re-deposit phase which consists of nature ceramics of 
alumimium nitride which re-deposited out of the liquid phase in a cementation interface of a base 
material generating. 

[0010] Moreover, this invention is the method of manufacturing a zygote of two or more base 
materials which consist of nature ceramics of alumimium nitride, it prepares cement which 
contains nature ceramics of alumimium nitride, and ** material at least between base materials, 
carries out eutectic of quality of alumimium nitride, and the ** material by heat treatment, and is 
characterized by re-depositing a re-deposit phase which consists of nature ceramics of alumimium 
nitride subsequently to a cementation interface of a base material. 

[001 1] This invention is the method of manufacturing a zygote of two or more base materials 
which consist of nature ceramics of alumimium nitride. Moreover, between base materials Cement 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



3/3/2004 



Page 3 of 16 

which contains nature ceramics of alumimium nitride and ** material at least is prepared. Cement 
is heated in the temperature requirement T1 more than the melting point of ****, it heats until a 
component of ** material is discharged from an interface in the temperature requirement T2 higher 
subsequently than a temperature requirement T1, and it is characterized by subsequently 
depositing a re-deposit phase. 

[0012] Moreover, this invention is cement used in order to join two or more base materials which 
consist of nature ceramics of alumimium nitride, and is CaO:25-45 % of the weight and Y2 03. : 5 
- 30 % of the weight, and the remainder aluminum 203 ** material and nature ceramics of 
alumimium nitride which consist of a presentation are contained, and it is characterized by 
contents of nature ceramics of alumimium nitride being 10 % of the weight or more and 90 % of 
the weight or less. 

[0013] Moreover, this invention is cement used in order to join two or more base materials which 
consist of nature ceramics of alumimium nitride, and cement contains ** material and nature 
ceramics of alumimium nitride, a presentation of** material is a X-Y-Z system presentation, and it 
relates to cement characterized by contents of nature ceramics of alumimium nitride in cement 
being 10 % of the weight or more and 90 % of the weight or less. (X is the compound of a metallic 
element more than a kind chosen from a group which consists of alkali metals and an alkaline- 
earth-metal element, Y is the compound of rare earth elements, Z is the compound of aluminum, 
the percentage of a metallic element which constitutes X among all metallic elements that 
constitute ** material is 25-50-mol%, the percentage of rare earth elements which constitute Y is 
5-30-mol%, and the remainder is aluminum.) 

[0014] A zygote and a cementation method of this invention are further explained to details, 
referring to a drawing suitably. Additives, such as various sintering acid and a coloring agent, may 
be made to contain in nature ceramics of alumimium nitride which constitutes a base material. 
Plane-of-composition 1a of a base material and plane-of-composition 2a of a base material 2 are 
made to counter, as typically shown in drawing 1 (a). Predetermined cement 3 is made to 
intervene among planes of composition 1a and 2a at this time. 

[0015] Under the present circumstances, this invention person hit on an idea of making nature 
ceramics of alumimium nitride, and ** material contain at least in cement 3. Since it is necessary 
to fuse this ** material at a temperature lower than sintering temperature of base materials 1 and 2 
and it does not produce deterioration by heat especially to the base materials 1 and 2, what has 
the melting point of 1500 degrees C or less is desirable. 

[0016] this invention person heated base materials 1 and 2 and cement 3 above melting 
temperature of ** material in cement 3. By this, as shown in drawing 1 (b), melting of the cement is 
carried out. A front face with base materials 1 and 2 is wet, it moves, and some fused cement 20 
makes an expansion portion like 4. 

[0017] Here, in early stages of melting of ** material, as shown in drawing 2 (a), melt 20 is among 
planes of composition 1a and 2a, but if it holds in a temperature requirement more than the 
melting point of ** material, it will become liquefied near [ 21 ] the interface of the base materials 1 
and 2 which touch the fused cement 20. For example, when ** material which consists of an oxide 
of a calcium-aluminum-O eutectic presentation or a Y-calcium-aluminum-O eutectic presentation 
is used, melting of ** material starts 1415 degrees C or near 1375 degree C, and subsequently, a 
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plane of composition of base materials 1 and 2 contacts this melt, and is considered to liquefy. 
[0018] And it is thought according to making nature ceramics of alumimium nitride intermingled in 
cement that this fuses in ** material. 

[0019] Nature ceramics of alumimium nitride goes through a sintering process called the so-called 
liquid phase sintering. That is, once an alumimium nitride particle liquefies, it goes through a 
process of solidifying by cooling process. 

[0020] However, in case a usual base material like base materials 1 and 2 is manufactured, 
powder of quality of alumimium nitride is mixed, and 5 or less % of the weight of sintering acid is 
usually added and heated. In this case, it fuses near the front face of a nature particle of 
alumimium nitride, and mass transfer arises along a front face of a particle, and adjoining particles 
mainly join by melt which moved. Consequently, a countless particle is combined firmly mutually 
and a frame of ceramics generates. 

[0021] On the other hand, when cement 3 is heated and the melt phase 5 is made to generate 
among base materials 1 and 2, near the interface of cement and base materials 1 and 2 which 
were fused, an alumimium nitride particle liquefies, diffusion into a base material of a component 
of ** material takes place through this liquid phase, and it is thought that a presentation of that 
portion changes. 

[0022] However, in this invention, in melt 5, an aggregate particle of nature ceramics of alumimium 
nitride fuses mostly with this, and it is thought that it has disappeared mostly. This is because 
there are many amounts of ** material inside melt 5. 

[0023] In addition, since it begins to melt into melting cement preferentially from a part for a height 
in the planes of composition 1a and 2a of base materials 1 and 2 when an alumimium nitride 
particle begins to melt into the liquid phase, a cementation interface carries out flattening. Then, if 
it cools without carrying out the following heating process, a component of cement deposits in a 
grain boundary of an alumimium nitride particle. 

[0024] In a melting process (the first process) of ****, although heating temperature is carried out 
to more than melting temperature of ** material, it carries out to below temperature from which 
blowdown of cement mentioned later arises substantially, and it is desirable in this phase to avoid 
blowdown of cement. 

[0025] Subsequently, it came to continue, without having discharged fused ** material from 
between base materials substantially, and each base material making the third phase intervene, 
when temperature was raised rather than it was able to set at the first process. 
[0026] And it became clear that alumimium nitride which was being fused mostly re-deposited by 
cooling process, and a deposit phase generated in ** material. And without making the third phase 
other than alumimium nitride **** intervene through a deposit phase of nature ceramics of 
alumimium nitride which re-deposited out of this ** material, a base material 1 and a base material 
2 discovered being joined firmly directly, and completed this invention. 

[0027] This device is similar with a device which sintering acid, such as an yttrium, is discharged 
out of this particle, and is further discharged toward the exterior from the interior of a sintered 
compact, when alumimium nitride solidifies from the liquid phase and an alumimium nitride particle 
deposits. However, this process happens near the front face of an alumimium nitride particle, as 
described above. 
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[0028] Bonding strength high in any case is obtained without this invention asking a class of 
nature ceramics of alumimium nitride which constitutes a base material. And in a process of 
melting of ** material, since mutual diffusion of an alumimium nitride particle became easy, 
cementation became possible at a temperature lower than solid state welding. 
[0029] This invention is [ as opposed to / especially / nature ceramics of alumimium nitride which 
has 95% or more of relative density ] suitable. Moreover, it is suitable also when at least one side 
of a base material is a burned product by hotpress sintering or hot isostatic press sintering 
process. 

[0030] In the first process to which melting of the **** is carried out, and the second process which 
makes ** material discharge, although holding to constant temperature, respectively is desirable 
within each temperature requirement T1 and T2, a temperature rise and a temperature reduction 
may be performed within each temperature requirement T1 and T2, respectively. 
[0031] Moreover, as for a temperature requirement in the first process, it is desirable to consider 
as 1400 degrees C or more, in order to carry out melting of the cement certainly, and in order to 
promote liquefaction of an alumimium nitride particle in an interface with cement, it is much more 
desirable [ a temperature requirement ] to consider as 1450 degrees C or more. Moreover, in 
order to control blowdown of cement since diffusion thru/or extraction into a base material of 
cement stops being able to happen easily if blowdown of cement advances in the first process, it 
is desirable to consider as 1650 degrees C or less. 

[0032] In order to promote blowdown of cement, as for a temperature requirement in the second 
process, it is desirable to consider as 1650 degrees C or more. Moreover, in order to prevent 
deformation of a base material of quality of alumimium nitride, deterioration, etc., it is desirable to 
consider as 1800 degrees C or less. 

[0033] Heating time in the first process and heating time in the second process can be suitably 
chosen, although considering as 10 or less hours is desirable more than for 30 minutes 
respectively. 

[0034] if an ambient atmosphere in the first process and the second process is a non-oxidizing 
atmosphere » N2 etc. - an inert gas ambient atmosphere is sufficient and a vacuum is sufficient. 
However, in the second process, in a vacuum, although it was [ some ], since decomposition of 
alumimium nitride was accepted, especially nitrogen-gas-atmosphere mind is desirable. 
[0035] It is desirable to pressurize at the time of cementation, as an arrow head A shows to 
drawing 2 (b), when raising bonding strength further. An effect of application of pressure is 
5kg/cm2 substantially. It appears by pressure, a maximum - 500kg/cm2 it is -- if a pressure 
exceeding this is applied, it will become easy to generate deformation and a crack in a base 
material. Moreover, if it pressurizes at low temperature, a base material may break. Therefore, it is 
desirable to apply a pressure above temperature which ** material dissolves. 
[0036] Although a presentation of **** was not limited, a system containing an yttrium was 
desirable and especially the blowdown effect of ** material was remarkable in this case. From this 
viewpoint, especially a Y-calcium-aluminum-O eutectic presentation is desirable, and it is CaO:25- 
45 % of the weight (still more preferably 25 - 40 % of the weight), and Y2 03. : 5 - 30 % of the 
weight (still more preferably 15-30 % of the weight), and the remainder aluminum 203 Especially 
a system is desirable. Also in this, it is 37CaO-19Y2 03-44aluminum 203. Eutectic presentation 
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(melting point of 1375 degrees C), and 28CaO-26Y2 03-46aluminum 203 Eutectic presentation 
(melting point of 1395 degrees C), and 43CaO-5Y203-52aluminum 203 Especially a presentation 
(melting point of 1500 degrees C) is desirable. 

[0037] As ****, an oxide of other presentation systems can also be used suitably. However, in 
nature ceramics of alumimium nitride, since blowdown of ** material advances and it is hard to 
produce extraction into alumimium nitride of ** material at temperature exceeding 1650 degrees C, 
it is desirable that the melting point of ** material is 1650 degrees C or less, and it is much more 
desirable that it is 1600 degrees C or less. In addition, in the above, the melting point of cement 
points out temperature which the liquid phase begins to generate. 

[0038] Moreover, nature ceramics of alumimium nitride is made to contain at least in cement. 
Under the present circumstances, when the whole cement is made into 100 % of the weight, as for 
a content ratio of nature ceramics of alumimium nitride, it is desirable to consider as 10 % of the 
weight or more, and a re-deposit of quality of alumimium nitride becomes easy to produce it by 
this. It is much more desirable to consider as 40 % of the weight or more from this viewpoint. 
[0039] Moreover, it is desirable to consider as 90 or less % of the weight, and melting of nature 
ceramics of alumimium nitride tends to advance by this. However, although it is thought that this 
whole does not fuse when nature ceramics of alumimium nitride occupies 90% of the weight of 
cement, melting of a nature of alumimium nitride ceramic particle advances even in such a case, 
and a re-deposit of a nature of alumimium nitride ceramic particle is eventually seen in cement. 
[0040] However, in order to advance melting of nature ceramics of alumimium nitride further, to 
make particle size of a particle which re-deposits into homogeneity small and to raise 
reinforcement for a joint, it is desirable to make a ratio of nature ceramics of alumimium nitride in 
cement into 80 or less % of the weight. 

[0041] A form of a compound is sufficient as **** and mixture of each component is sufficient as it. 
Moreover, a gestalt of cement is not limited, either. For example, although it is desirable to 
consider as mixed powder of powder of ** material and powder of nature ceramics of alumimium 
nitride, it can also consider as temporary-quenching powder of powder of ** material, and powder 
of nature ceramics of alumimium nitride. Furthermore, it can consider as a foil and sheet metal of 
a temporary-quenching object of ** material and nature ceramics of alumimium nitride. 
[0042] ** material of the above-mentioned X-Y-Z presentation system is especially desirable. 
Here, rare earth elements say 17 elements of a scandium, an yttrium, a lanthanum, a cerium, a 
praseodymium, neodymium, a promethium, samarium, europium, GADORIUMU, a terbium, a 
dysprosium, a holmium, an erbium, a thulium, an ytterbium, and a lutetium. In this, especially the 
blowdown effect of** material has an yttrium, a lanthanum, a cerium, neodymium, and a high 
ytterbium, an yttrium and an ytterbium are much more desirable, and an yttrium is the most 
desirable. 

[0043] Especially as a metallic element which constitutes X, a lithium, calcium, strontium, and 
barium are desirable. 

[0044] As each compound of X, Y, and Z, an oxide or a fluoride is specifically desirable. Although 
compounds other than an oxide or a fluoride can also be used, when ** material fuses, a 
compound which generates an oxide or a fluoride is desirable in this case. There are a carbonate, 
a nitrate, an oxalate, phosphate, etc. as such a compound. 
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[0045] In the above, although suitable presentations of** material were enumerated, ** material 
contains the following. 

(1) Mixture which consists of X compound, a Y compound, and a Z compound. In this case, the 
oxide, a fluoride, a carbonate, a nitrate, an oxalate, phosphate, etc. can be used as X compound, 
Y compound, and a Z compound, respectively. 

(2) A compound containing all components of X, Y, and Z. For example, an oxide of a metal which 
constitutes X, an oxide of a metal which constitutes Y, and ah oxide of a metal which constitutes Z 
can be mixed, mixture can be obtained, and a multiple oxide or glass can be obtained for this 
mixture temporary quenching or by calcinating. This multiple oxide or glass can be used as ** 
material. 

[0046] Moreover, it is desirable that at least one side of X component and Y component contains 
an oxide or a fluoride whose vapor pressure in 1650 degrees C - 1800 degrees C is 0.001 -1000Pa 
among ** material. Specifically as such an oxide or a fluoride, it is Li2 O, and MgO, CaO, SrO, 
BaO and SrF2. It is. 

[0047] In this invention, a re-deposit phase of a particle of nature ceramics of alumimium nitride 
generates to a cementation interface of a base material. This is formed of a deposit of alumimium 
nitride once dissolved in melt of ** material. Usually, mean particle diameter of an alumimium 
nitride particle in a cementation interface of a base material is small, and it is 3.0 micrometers or 
less, and in accordance with a cementation interface of a base material, a fine deposit particle 
from such the liquid phase makes the shape of a layer, and exists. Since all or most portion of 
alumimium nitride once dissolves and re-deposits in ** material, when growth of an alumimium 
nitride particle is not yet advancing compared with a base material etc., it is thought that a fine 
particle generates. 

[0048] According to such a microstructure, bonding strength near the cementation interface of a 
base material and airtightness improve extremely, and there is the remarkable feature that 
reinforcement of a cementation interface of a base material becomes higher than reinforcement of 
other portions. Moreover, most residuals of ** material are not looked at by this cementation 
interface, and the third remarkable phase is not checked. 

[0049] Drawing 3 is the cross section showing maintenance structure of a susceptor for 
semiconductor fabrication machines and equipment, and drawing 4 is the IV-IV line cross section 
of drawing 3 . A susceptor 6 is carrying out for example, a disc configuration, and can install a 
semiconductor wafer now in this surface 6b. End-face 8a of the cylindrical shape-like holder 8 is 
joined to rear-face 6a of a susceptor 6. A susceptor 6 and a holder 8 are all the nature ceramics of 
alumimium nitride, and join both according to this invention. 7 is a breakthrough for inserting in a 
lift pin. In case flange 8b is formed near end-face 8a of a holder 8 and it joins preferably according 
to this invention, a pressure can be applied like an arrow head B to surface 8c of flange 8b. 
[0050] Especially a function and structure of a susceptor 6 can illustrate an arrangement of 
electrode for RF generating which laid an electrode for plasma generating underground into a 
ceramic electrostatic chuck which laid an electrode for electrostatic chucks underground into a 
ceramic heater which was not limited, for example, laid a resistance heating element underground 
into a base material, and a base material, a heater with an electrostatic chuck which laid a 
resistance heating element and an electrode for electrostatic chucks underground into a base 
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material, and a base material. 

[0051] For example, in equipment shown in drawing 3 and drawing 4 , a resistance heating 
element (not shown) is laid underground into a susceptor 6, and a cable 10 is connected to the 
terminal 12 of a resistance heating element. Moreover, an electrode (not shown) of a plate 
configuration which functions as an electrode for plasma generating or an electrostatic chuck 
electrode is laid underground into a susceptor 6, and a cable 1 1 is connected to the terminal 13 of 
this electrode. These cables 10 and 1 1 and terminals 12 and 13 are held by each in the building 
envelope 9 of a holder 8, and do not contact directly to corrosive gas in a chamber of 
semiconductor fabrication machines and equipment, or its plasma. 

[0052] Furthermore, this invention can be used in order to join a lift pin for supporting a dome for 
generating a tube for generating a susceptor for installing a semiconductor wafer, a dummy wafer, 
a shadow ring, and RF plasma, and RF plasma, a RF transparency aperture, an infrared 
transparency aperture, and a semiconductor wafer, a shower board, etc. to other members. 
[0053] 

[Example] Hereafter, a still more concrete experimental result is described. 

(Experiment 1) Each experiment shown in a table 1 and a table 2 was conducted, the zygote was 

produced, and various properties were evaluated about the obtained zygote. 

[0054] However, it is 5% of the weight of Y2 03 as "95%AIN" which is the joined base material 1 . 

It is the sintered compact which sintered and obtained the mixed powder of powder and 95% of 

the weight of alumimium nitride powder. "99.9%AIN" which is a base material 2 is the sintered 

compact which sintered and obtained the alumimium nitride powder which does not contain an 

additive. The size of each base material is 20mmx20mmx10mm. 

[0055] The mixed powder which, on the other hand, prepared as "cement" the powder of the oxide 

of each presentation shown in a table 1 and the powder of the AIN aggregate, mixed, and was 

obtained was used. Here, the hysteresis of each powder is as follows. 

[0056] (37CaO-19Y2 03-44aluminum 203) CaO of a special grade chemical, Y2 03, and 

aluminum 203 It is 37CaO(s)-19Y2 03-44aluminum 203 at weight %. After having mixed so that it 

might become, and dissolving at 1600 degrees C in atmospheric air, it dropped underwater, and 

subsequently the ball mill ground until it passed along the 32-micron screen. 

[0057] (28CaO-26Y2 03-46aluminum 203 and 43CaO-5Y2 03-52aluminum 203) CaO of a 

special grade chemical, Y2 03, and aluminum 203 It mixed so that it might become each 

presentation ratio by weight %, and it ground until it passed along the -32-micron screen by the 

mortar. 

[0058] (AIN aggregate) The alumimium nitride powder of 99.9% of purity was fabricated to the 
pellet type, and among nitrogen, it sintered until relative density became 98% or more at 1900 
degrees C. This sintered compact was cracked, and the ball mill ground until it passed along the 
32-micron screen. 

[0059] The mixed ratio of the mixed powder of oxide powder and the AIN aggregate was displayed 
on a table 1 and a table 2 in"% of the weight" of the unit. 

[0060] The grinding process of the plane of composition of each base material was carried out so 
that surface roughness Ra might be set to 0.2 micrometers - 2 micrometers. It is cement (mixed 
powder) of each presentation shown in a table 1 and a table 2 to the plane of composition of each 
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base material 2 - 200 mg/cm2 It applied at a rate. 

[0061] The cementation conditions in each experiment are as being shown in a table 1 and a table 
2. The hydraulic press was used on the occasion of application of pressure. It pressurizes in the 
one shaft of the directions vertical to a plane of composition throughout heating, and applying the 
predetermined pressure shown in tables 1 and 2 was continued. Rising-and-falling-temperature 
speed was made into within the limits of 2000 degrees C/hour - 30 degrees C/hour. The 
temperature T1 at the time of melting of **** and the temperature T2 at the time of blowdown of ** 
material were changed as shown in tables 1 and 2. Moreover, the ambient atmosphere and 
pressure at the time of heat treatment are also shown in tables 1 and 2. 

[0062] In this way, about the zygote (anti-****) of each obtained experimental run number, bonding 
strength was evaluated based on the "JISR1 601 K transverse test." However, at the room 
temperature, the zygote was processed so that a cementation interface might take the lead. 
[0063] Moreover, the configuration of a base material was changed in the above. That is, 
according to the monograph affair of experimental run numbers 1-10, the base material of the 
shape of a disk type with a diameter phiSOmmx thickness of 15mm and the base material of the 
outer diameter of 36mm, the bore of 28mm, and a tube configuration with a length of 10mm were 
joined, helium leak trial was presented with the obtained zygote. The limits of measurement of the 
testing machine used for this trial were 1 .0x10-8 torr l./a second. However, it is "torrl./a second", 
and the unit of the numeric value in the "amount of leaks" of tables 1 and 2 is "1 .0x1 0-8", and is 
[8/1 .0E-] "1 .0x1 0-6" in 1 .OE-6. 

[0064] Moreover, the cross-section observation by the scanning electron microscope was also 
presented with each ******, and the situation of a cementation interface was checked. The 
cementation interface phase was identified by the reflection electron image and EDS (Energy 
Dispersion Spectroscopy). These results are shown in tables 1 and 2. 
[0065] 
[A table 1] 
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[0066] 
[A table 2] 
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[0067] At an experimental run number 1 (example of a comparison), the bonding strength of a 
base material is very low, and there are also many amounts of leaks. Bonding strength was high, 
there were few amounts of leaks, and it was under the limit of measurement of equipment in 
experimental run numbers 2-7, and 9 and 10. 

[0068] In an experimental run number 8, although the AIN aggregate is not put in, it turns out that 
very firm cementation is formed. However, bonding strength also understands [ the direction of the 
example of this invention ] improving still more remarkably. 

[0069] Next, the thermal cycling test between 50 degrees C and 700 degrees C (100 cycles) was 
carried out in atmospheric air about each zygote which measured the amount of leaks, 
respectively. By this, it judged whether it was that to which a zygote can bear a thermal shock and 
a heat cycle. Consequently, exfoliation and lowering of the amount of leaks were accepted by 
neither about the example of this invention. 

[0070] Moreover, it is 450-degree C NF3 about each zygote of the experimental run numbers 3, 4, 
5, and 6 which measured the amount of leaks. The pan was carried out into the plasma for 24 
hours. Then, as it was the above, when the amount of leaks was measured, deterioration of the 
amount of leaks was not accepted. 

[0071] Here, the reflection electron image photograph of the ceramic organization near the 
cementation interface of the zygote (anti-****) of an experimental run number 5 is shown in 
drawing 5 . In an order from the photograph upside, AIN, a cementation interface, and 99.9%AIN 
are located in a line 95%. The grain boundary layer which uses yttria as a principal component 
looks white to the grain boundary of the alumimium nitride particle which looks black in upper 95% 
AIN layer. Most consists of a black alumimium nitride particle in lower 99.9%AIN layer, and a grain 
boundary layer is not visible. 
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[0072] Interface layer thickness was about 10 micrometers. However, in a volume phase and the 
circumference of it, it turns out that a crack or a deterioration layer are not accepted at all, and 
abundant layers are not accepted, either but the material of a calcium-Y-aluminum-O system is 
following the ceramic organization of an up-and-down alumimium nitride layer. 
[0073] As a result of analyzing the presentation of this volume phase, it was judged with 
alumimium nitride. The particle size of the nature particle of alumimium nitride which is in a volume 
phase to each particle size of the applied powder having been a maximum of 32 micrometers is 
about 2 microns. That is, it is shown that the alumimium nitride particle in a volume phase re- 
deposits. Moreover, an oxide is not accepted in a volume phase but it turns out that each nature 
base material of alumimium nitride of the upside and the bottom from which purity differs has 
joined good. 

[0074] The same microstructure as the above was observed also in the zygote of experimental run 
numbers 2, 3, 4, 6, and 7. 

[0075] The deposit layer was not accepted in the experimental run number 1 . Moreover, in the 

experimental run number 8, the oxide is thoroughly discharged from the cementation interface and 

it became clear that the crystal phase by the side of 99.9% alumimium nitride and the crystal 

phase by the side of 95% alumimium nitride were continuing without a crevice. 

[0076] (Experiment 2) Like the experiment 1, according to the conditions of each experimental run 

number shown in a table 3 and a table 4, each zygote was manufactured and the experiment 1 

and the same trial were presented. However, in the experiment 2, the base materials which 

consist of AIN 95% were joined. These results are shown in tables 3 and 4. 
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[0078] 
[A table 4] 
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[0079] At an experimental run number 1 1 (example of a comparison), the bonding strength of a 
base material is very low, and there are also many amounts of leaks. Bonding strength was high, 
there were few amounts of leaks, and it was under the limit of measurement of equipment in 
experimental run numbers 12-17, and 19 and 20. 

[0080] In an experimental run number 18, although the AIN aggregate is not put in, it turns out that 
very firm cementation is formed. However, the direction of bonding strength of the example of this 
invention was improving still more remarkably. 

[0081] Next, the thermal cycling test between 50 degrees C and 700 degrees C (100 cycles) was 
carried out in atmospheric air about each zygote which measured the amount of leaks, 
respectively. Consequently, in the example of this invention, neither exfoliation nor lowering of the 
amount of leaks was accepted. 

[0082] Moreover, it is 450-degree C NF3 about each zygote of the experimental run numbers 13- 
16 which measured the amount of leaks. The pan was carried out into the plasma for 24 hours. 
Then, as it was the above, when the amount of leaks was measured, deterioration of the amount 
of leaks was not accepted. 

[0083] The reflection electron image photograph in which the ceramic organization near the 
cementation interface of the zygote of an experimental run number 15 is shown is shown in 
drawing 6 . In an order from the photograph upside, 95%AIN / interface phase / 95%AIN is located 
in a line. The grain boundary layer which uses yttria as a principal component looks white to the 
grain boundary of the alumimium nitride particle which looks black in an AIN layer 95%. 
[0084] Interface layer thickness was about 5 micrometers. As a result of analyzing the 
presentation of this volume phase, it was judged with alumimium nitride. The particle size of the 
nature particle of alumimium nitride which is in a volume phase to the particle size of the applied 
powder having been a maximum of 32 micrometers is about 2 microns. That is, it is shown that the 
alumimium nitride particle in a volume phase re-deposits. 

[0085] The same microstructure as the above was observed also in the zygote of experimental run 
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numbers 12, 13, 14, 16, and 17. 

[0086] The deposit layer was not accepted in the experimental run number 1 1 . In the experimental 

run number 18, the oxide is thoroughly discharged from the cementation interface and it became 

clear that the crystal phase of each base material was continuing without a crevice. 

[0087] (Experiment 3) Like the experiment 1 , according to the conditions of each experimental run 

number shown in a table 5 and a table 6, each zygote was manufactured and the experiment 1 

and the same trial were presented. These results are shown in tables 5 and 6. 
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[A table 6] 
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[0090] In experimental run numbers 21-24, AIN (what added 0.15% of the weight of yttria) was 
joined to AIN 99.8% 95%. As for all, bonding strength and the amount of leaks were good, and the 
deposit phase was an AIN phase. Also in this, by making the content of AIN in cement into 40 - 60 
% of the weight showed that bonding strength improved most. 

[0091] In experimental run numbers 25 and 26, although AIN was joined to AIN 99.8% 99.9%, 
even if compared with experimental run numbers 22 and 23, bonding strength was high further. In 
experimental run numbers 27 and 28, AIN(s) were joined 99.9%. When the purity of AIN in a base 
material becomes high so that these results may show, there is an inclination for bonding strength 
to improve further and this operation is especially remarkable in AIN of 99% or more of purity. 
[0092] It is Y2 03 in order to join the base materials of AIN 95% in experimental run numbers 29 
and 30. Or CaC03 The cement mixed with AIN powder was used. However, the base material 
was not joined. This is Y2 03. CaC03 At 1550 degrees C, it does not fuse but is considered 
because it did not function as ** material. 

[0093] Next, the thermal cycling test between 50 degrees C and 700 degrees C (100 cycles) was 
carried out in atmospheric air about each zygote which measured the amount of leaks, 
respectively. Consequently, in the example of this invention, neither exfoliation nor lowering of the 
amount of leaks was accepted. 

[0094] Moreover, it is 450-degree C NF3 about each zygote of the experimental run numbers 21- 
28 which measured the amount of leaks. The pan was carried out into the plasma for 24 hours. 
Then, as it was the above, when the amount of leaks was measured, deterioration of the amount 
of leaks was not accepted. 

[0095] The reflection electron image photograph in which the ceramic organization near the 
cementation interface of the zygote of an experimental run number 23 is shown is shown in 
drawing 7 . In an order from the upside, 95%AIN / interface phase / 99.8%AIN is located in a line. 
The thickness of an interface phase was about 4 microns. 

[0096] As a result of analyzing the presentation of this volume phase, it was judged with 
alumimium nitride. The particle size of the nature particle of alumimium nitride which is in a volume 
phase to the particle size of the applied powder having been a maximum of 32 micrometers is 
about 2 microns. That is, it is shown that the alumimium nitride particle in a volume phase re- 
deposits. An oxide is not too accepted in an interface. 

[0097] (Experiment 4: Prototype of a heater with the protecting tube) The zygote shown in drawing 
3 and drawing 4 was made as an experiment. It tried to specifically join the disk 6 made from 
alumimium nitride (susceptor) with which the coiled form heater made from molybdenum and the 
mesh made from molybdenum (RF plasma electrode) are laid underground to the pipe 8 made 
from alumimium nitride (holder). The size of a holder 8 was 210mm in the outer diameter of 
60mm, the bore of 52mm, and length. A holder 8 is an ordinary pressure sinter whose purity of 
AIN is 95%. 

[0098] The hotpress furnace which used carbon internal insulation was used for the cementation 
furnace. Heating was performed in the nitrogen-gas-atmosphere mind of 1 .5atm. The susceptor 6 
and the holder 8 were contacted, temperature up was carried out at 1000 degrees C/hour - 100 
degrees C/hour in speed, and it held at 1550 degrees C for 1 hour, and held at 1700 degrees C 
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succeedingly for 2 hours. After holding at 1700 degrees C for 2 hours, it was made to cool 
radiationally to a room temperature in a furnace. It is a while the sample is heated by 1300 
degrees C or more plane of composition by the hydraulic press Pressure 60 kgf/cm2 It continued 
pressurizing. 

[0099] After taking out a zygote from a furnace, when the leak trial as well as experiment 1 was 
performed, the amount of leaks is 1 .0x10-8. They were under a liter/second. 
[0100] Subsequently, the electrode lead was attached to the coil made from molybdenum currently 
laid underground into the susceptor, and the mesh made from molybdenum. Although 
energization heating of the coil was carried out and 30 times of rising and falling temperature (heat 
cycle) was repeated the speed for about 25-degree-C/, neither deformation nor a crack was 
accepted. Moreover, although the leak trial of helium was again performed after this heat cycle, 
the amount of leaks is 1.0x10-8. Under the liter/second were maintained. 

[0101] (Experiment 5) Like the experiment 1, according to the conditions of each experimental run 
number shown in a table 7 and a table 8, each zygote was manufactured and the experiment 1 
and the same trial were presented. However, the class of compound of X, Y, and Z, the rate in the 
** material of each compound (mol%), and the weight ratio (weight section) of ** material and the 
alumimium nitride aggregate were changed as shown in tables 7 and 8. These results are shown 
in tables 7 and 8. 
[0102] 
[A table 7] 



H ttNo. 


3 1 


3 2 


3 3 


3 4 


3 5 












St* 
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99. 9XA1N 
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95XA1N 
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99. 9XAJN 
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99.9XAIN 


99.9XAIK 


MM 

mo] 
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X 


L i a 0:49 
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5 6 


CaO 
5 6 


Y 


Yj Oa : 2 6 


Y a 0, 
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La t O) 
7 \ 
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A li O, 
3 7 
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3 7 




6 0 


5 0 


5 0 


##©fi (tin 


4 0 


5 0 


5 0 1 
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T 1 
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165(TC.2h 


1650TC. 2h 


1650T. Ih 
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Ni (2. 3a too) 




Ukgf/cm 1 


m 

ft 
w 
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(MPa) 


3 5 0 


2 1 0 


13 0 


2 9 0 


2 2 0 




1. OB-OB 


C.OB-8 


<1. OB-8 


<1.0E-8 


<1.0B-8 
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A 1 N 


A I N 
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A 1 N 



[0103] 
[A table 8] 
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£ Vl No. 


3 6 


3 7 


3 8 


3 9 


mm 
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QQ QUA IN 
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AU F 8 
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4 0 




5 0 
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6 0 


/A 
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T 1 
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1550°C. lh 
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1550^, lh 


T2 


1650°C,1q 


1700^. 2h 
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Ml.Salm) 
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4 0kg f/cm 3 


IS 
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1 3 0 


1 5 0 


2 5 0 
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<1.0E-8 
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<L OB-8 


tfr tfc ffi 


A 1 N 


A 1 N 


A 1 N 


A IN 



[0104] Also in any of experimental run numbers 31-39, bonding strength and the amount of leaks 
were good, and the deposit phase was an AIN phase. That is, in the combination of the metallic 
element of a (Li, Ba, calcium)-(Y, La)-aluminum system, even if it used any of an oxide and a 
fluoride, the good result was obtained. 

[0105] Next, the thermal cycling test between 50 degrees C and 700 degrees C (100 cycles) was 
carried out in atmospheric air about each zygote of experimental run numbers 31-39, respectively. 
Consequently, exfoliation and lowering of the amount of leaks were accepted in neither of the 
examples. 

[0106] Moreover, it is 450-degree C NF3 about each zygote of experimental run numbers 31-39. 
The pan was carried out into the plasma for 24 hours. Then, as it was the above, when the 
amount of leaks was measured, deterioration of the amount of leaks was not accepted. 
[0107] 

[Effect of the Invention] As stated above, according to this invention, it is offering the new method 
for enabling it to join, without making phases other than a nature of alumimium nitride ceramic 
phase substantially placed between both cementation interfaces on the occasion of joining the 
base materials which consist of nature ceramics of alumimium nitride. Moreover, it is firmly 
joinable at a temperature low in comparison. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] (a) is the front view showing the condition before joining base materials 1 and 2, and 
(b) is the front view showing the condition of carrying out melting of the cement near the interface 
with base materials 1 and 2. 

[Drawing 2 ] (a) is the cross section showing the condition of carrying out melting of the cement 
among base materials 1 and 2, and (b) is the cross section showing the condition of having fused 
near the cementation interface of base materials 1 and 2. 

[Drawing 3] the maintenance structure of a susceptor created by joining a susceptor 6 and the 

pipe-like holder 8 is shown — it is a cross section a part. 

[ Drawing 4 ] It is the plan showing the maintenance structure of drawing 3 . 

[Drawing 51 It is the reflection electron image photograph of the ceramic organization near the 

cementation interface of the zygote of an experimental run number 5. 

[ Drawing 6 ] It is the reflection electron image photograph in which the ceramic organization near 
the cementation interface of the zygote of an experimental run number 15 is shown. 
[ Drawing 7] It is the reflection electron image photograph in which the ceramic organization near 
the cementation interface of the zygote of an experimental run number 23 is shown. 
[Description of Notations] 

1 Two Base material, 1a, 2a The plane of composition of a base material, 3 Cement, 6 A 
susceptor, 8 A holder, 9 10 The building envelope of a holder 8, 1 1 The terminal of a cable and 12 
resistance heating element, 13 The terminal of an electrode, 20 The cement, 21 which were fused 
Near interface of the base material which became liquefied 
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